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Title: METHOD AND DEVICE FOR CHARACTERIZING A CULTURE LIQUID 



PRELIMINARY AMENDMENT 



Box PCT - Fee 
Commissioner for Patents 
Washington DC 20231 



21 March 2002 

Atlanta GA 31156-7685 



Sir: 

Prior to examining the above-identified and enclosed patent application, 
please amend it as follows. 



CLEAN VERSION OF EACH REPLACEMENT CLAIM 
With Clear Instructions For Entry 

Please replace Claims 3-9 and 13-21 and inset new claims 22-28 as follows: 

3. The method as claimed in claim 1 , characterized in that an illumination for 
fluorescent excitation is also carried out, and the image evaluation comprises an 
observation of the fluorescent light output by the cells (22). 

4. The method as claimed in claim 1 , characterized in that an interference 
contrast observation of the cells (22) is also carried out. 

5. The method as claimed in claim 1, characterized in that a phase constant 
observation of the cells (22) is also carried out. 

6. The method as claimed in claim 2, characterized in that differently polarized 
light is used for various types of illumination, and the images that are produced by 
the various types of illumination are distinguished with the aid of the different 
polarizations of the light producing the images. 

7. The method as claimed in claim 2, characterized in that light of different 
wavelengths is used for various types of illumination, and the images that are 
produced by the various types of illumination are distinguished with the aid of the 
different wavelengths of the light producing the images. 

8. The method as claimed in claim 1 , characterized in that the illumination is 
carried out with pulsed light. 

9. The method as claimed in claim 1 , characterized in that a sample volume (16) 
of the culture liquid that is to be imaged is temporarily immobilized during imaging for 
the purpose of image evaluation. 
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13. The apparatus as claimed in claim 1 1 , characterized in that the tube (10) is 
provided with devices for closing the openings in order to immobilize the sample 
volume (16). 

14. The apparatus as claimed in claim 10, characterized in that the illuminating 
arrangement (24) is provided for pulsed operation. 

15. The apparatus as claimed in claim 10, characterized in that the illuminating 
arrangement (24) is also designed for bright-field illumination. 

16. The apparatus as claimed in claim 10, characterized by a fluorescent light 
source (42) for fluorescent excitation of the culture liquid, the image-evaluating 
device (20) being provided for analyzing the fluorescent light output by the cells (22). 

17. The apparatus as claimed in claim 10, characterized by a first Wollaston prism 
(58), arranged in the beam path of the illuminating arrangement (24), and a second 
Wollaston prism (60), arranged in the imaging path, for interference contrast 
observation of the cells (22). 

18. The apparatus as claimed in claim 10, characterized by an annular diaphragm 
(52) arranged in the beam path of the illuminating arrangement (24), and a phase 
plate (60), arranged in the imaging beam path, for phase contrast observation of the 
cells (22). 

19. The apparatus as claimed in claim 10, characterized in that polarization 
devices (24) are arranged in the beam path of the illuminating arrangement (24) 
and/or of the fluorescent light source (42), and polarization-selective devices (44) are 
arranged in the imaging beam path. 

20. The apparatus as claimed in claim 10, characterized in that monochromatizing 
devices (24, 50) are provided in the beam path of the light emanating from the 
illuminating arrangement (24) and/or the fluorescent light source (42), or the light 
sources (26, 46) are themselves monochromatic, and in that wavelength-selective 
devices (44) are arranged in the imaging beam path. 

3 
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21. The apparatus as claimed in claim 19, characterized in that provided as a 
polarization- or wavelength-selective device is a beam splitter (44) that passes light 
of a first polarization or wavelength for the purpose of imaging on a first Image 
recorder (20), and reflects light of a second polarization or wavelength on a second 
image recorder (42). 

22. A method for characterizing a culture liquid containing cells (22), in which the 
cells (22) are illuminated and analyzed in situ by microscopic imaging of the cells 
(22) and by evaluating the image, characterized in that: 

a. the illumination is carried out as dark-field illumination; and 

b. the image evaluation comprises a comparison of the intensities of the 
light output by the interior of the cell and by the edge of the cell, 

wherein the comparison allows the distinguishing of living and dead cells (22) 
in order to determine the vitality of the culture liquid. 

23. The method as claimed in claim 22, further characterized in that the cells (22) 
are further evaluated by at least one analysis selected from the group consisting of 
bright-field illumination, fluorescent excitation illumination, interference contrast 
observation, phase contrast observation, and combinations thereof. 

24. The method as claimed in claim 23, further characterized in that light of 
different polarizations and wavelengths are used for the illumination, and the images 
that are produced by the illumination are distinguished with the aid of the different 
polarizations and wavelengths of the light producing the images. 
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25. An apparatus for characterizing a culture liquid containing cells (22), the 
apparatus comprising an illuminating arrangement (24) for illuminating a sample 
volume (16) of the culture liquid, a microscope objective (18) for imaging the cells 
(22) in the sample volume (16), and an image-evaluating device (20) for analyzing 
the image, characterized in that: 

a. the illuminating arrangement (24) is provided for dark-field illumination; 

and 

b. the image-evaluating device (20) is designed for comparing the 
intensities of the light output by the interior of the cell and the edge of the cell, and 
for distinguishing living and dead cells on the basis of this comparison. 

26. The apparatus as claimed in claim 25, further characterized in that: 

a. the illuminating arrangement (26), the microscope objective (18) and 
the image-evaluating device (20) are arranged inside a tube (10); 

b. the tube (10) comprises a wall with (i) openings for the culture liquid to 
flow through the sample volume (16) and (li) devices for closing the openings in 
order to immobilize the sample volume (16); and 

c. the sample volume (16) has a thickness that is limited by plates (12, 
14) at right angles to an optical axis of the microscope objective (18). 

27. The apparatus as claimed in claim 26, further characterized in that at least 
one analysis means is provided selected from the group consisting of bright-field 
illumination, fluorescent excitation illumination, interference contrast observation, 
phase contrast observation, and combinations thereof. 

28. The apparatus as claimed in claim 27, further characterized in that a light- 
affecting device (24, 50) is provided selected from the group consisting of 
polarization devices and monochromatizing devices. 
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REMARKS 



Claims 3-9 and 13-21 have been amended to remove multiple dependencies. 
New Claims 22-28 have been added to recoup some of the subject matter 
potentially removed by the amendments to Claims 3-9 and 13-21. 
No new matter has been added. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Amend Claims 3-9 and 13-21 as follows: 

3. (amended) The method as claimed in claim 1-ef-2, characterized in that an 
illumination for fluorescent excitation is also carried out, and the image evaluation 
comprises an observation of the fluorescent light output by the cells (22). 

4. (amended) The method as claimed in o ne of claims 14o-3, characterized in 
that an interference contrast observation of the cells (22) is also carried out. 

5. (amended) The method as claimed in o n e of claims 14©-4, characterized in 
that a phase constant observation of the cells (22) is also carried out. 

6. (amended) The method as claimed in one of claims 24e~§, characterized in 
that differently polarized light is used for various types of illumination, and the images 
that are produced by the various types of illumination are distinguished with the aid 
of the different polarizations of the light producing the images. 

7. (amended) The method as claimed in ofte-of-claims 24e^, characterized in 
that light of different wavelengths is used for various types of illumination, and the 
images that are produced by the various types of illumination are distinguished with 
the aid of the different wavelengths of the light producing the images. 

8. (amended) The method as claimed in one of c laims 14e-7, characterized in 
that the illumination is carried out with pulsed light. 

9. (amended) The method as claimed in o n e Qf claims 140-8, characterized in 
that a sample volume (16) of the culture liquid that is to be imaged is temporarily 
immobilized during imaging for the purpose of image evaluation. 

13. (amended) The apparatus as claimed in claim 1 1 or 12 , characterized in that 
the tube (10) is provided with devices for closing the openings in order to immobilize 
the sample volume (16). 
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14. (amended) The apparatus as claimed in eee-of-claims 10 to 13, characterized 
in that the illuminating arrangement (24) is provided for pulsed operation. 

15. (amended) The apparatus as claimed in ene-o^claims 10 t o 14, characterized 
in that the illuminating arrangement (24) is also designed for bright-field illumination. 

16. (amended) The apparatus as claimed in ©fie-ef-claims 10 to 15 , characterized 
by a fluorescent light source (42) for fluorescent excitation of the culture liquid, the 
image-evaluating device (20) being provided for analyzing the fluorescent light 
output by the cells (22). 

17. (amended) The apparatus as claimed in one of claims 10 to 16, characterized 
by a first Wollaston prism (58), arranged in the beam path of the illuminating 
arrangement (24), and a second Wollaston prism (60), arranged in the imaging path, 
for interference contrast observation of the ceils (22). 

18. (amended) The apparatus as claimed in one o f claims 10 to 17 , characterized 
by an annular diaphragm (52) arranged in the beam path of the illuminating 
arrangement (24), and a phase plate (60), arranged in the imaging beam path, for 
phase contrast observation of the cells (22). 

19. (amended) The apparatus as claimed in o ne of claims 1 0 to 18 , characterized 
in that polarization devices (24) are arranged in the beam path of the illuminating 
arrangement (24) and/or of the fluorescent light source (42), and polarization- 
selective devices (44) are arranged in the imaging beam path. 

20. (amended) The apparatus as claimed in ene of claims 10 to 1 9 , characterized 
in that monochromatizing devices (24, 50) are provided in the beam path of the light 
emanating from the illuminating arrangement (24) and/or the fluorescent light source 
(42), or the light sources (26, 46) are themselves monochromatic, and in that 
wavelength-selective devices (44) are arranged in the Imaging beam path. 
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21 . (amended) The apparatus as claimed in claim 19 or 2 0 , characterized in that 
provided as a polarization- or wavelength-selective device is a beam splitter (44) that 
passes light of a first polarization or wavelength for the purpose of imaging on a first 
image recorder (20), and reflects light of a second polarization or wavelength on a 
second image recorder (42). 

Add new Claims 22-28 as follows: 

22. (new) A method for characterizing a culture liquid containing cells (22), in 
which the cells (22) are illuminated and analyzed in situ by microscopic imaging of 
the cells (22) and by evaluating the image, characterized in that: 

a. the illumination is carried out as dark-field illumination; and 

b. the image evaluation comprises a comparison of the intensities of the 
light output by the interior of the cell and by the edge of the cell, 

wherein the comparison allows the distinguishing of living and dead cells (22) 
in order to determine the vitality of the culture liquid. 

23. (new) The method as claimed in claim 22, further characterized in that the 
cells (22) are further evaluated by at least one analysis selected from the group 
consisting of bright-field illumination, fluorescent excitation illumination, interference 
contrast observation, phase contrast observation, and combinations thereof. 

24. (new) The method as claimed in claim 23, further characterized in that light of 
different polarizations and wavelengths are used for the illumination, and the images 
that are produced by the illumination are distinguished with the aid of the different 
polarizations and wavelengths of the light producing the images. 
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25. (new) An apparatus for characterizing a culture liquid containing cells (22), 
the apparatus comprising an illuminating arrangement (24) for illuminating a sample 
volume (16) of the culture liquid, a microscope objective (18) for imaging the cells 
(22) in the sample volume (16), and an image-evaluating device (20) for analyzing 
the image, characterized in that: 

a. the illuminating arrangement (24) is provided for dark-field illumination; 

and 

b. the image-evaluating device (20) is designed for comparing the 
intensities of the light output by the interior of the cell and the edge of the cell, and 
for distinguishing living and dead cells on the basis of this comparison. 

26. (new) The apparatus as claimed in claim 25, further characterized in that: 

a. the illuminating arrangement (26), the microscope objective (18) and 
the image-evaluating device (20) are arranged inside a tube (10); 

b. the tube (10) comprises a wall with (i) openings for the culture liquid to 
flow through the sample volume (16) and (ii) devices for closing the openings in 
order to immobilize the sample volume (16); and 

c. the sample volume (16) has a thickness that is limited by plates (12, 
14) at right angles to an optical axis of the microscope objective (18). 

27. (new) The apparatus as claimed in claim 26, further characterized in that at 
least one analysis means is provided selected from the group consisting of bright- 
field illumination, fluorescent excitation illumination, interference contrast 
observation, phase contrast observation, and combinations thereof. 

28. (new) The apparatus as claimed in claim 27, further characterized in that a 
light-affecting device (24, 50) is provided selected from the group consisting of 
polarization devices and monochromatizing devices. 
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CONCLUSION 



Applicant submits that the claims are now in condition for examination and 
allowance and respectfully request such actions. 

If the examiner has any questions or concems that can be addressed over the 
telephone, please contact the below-signed attorney. 



TECHNOPROP COLTON LLC 
PC Box 567685 
Atlanta GA 31156-7685 

Tel: 770.522.9762 

Fax: 770.522.9763 

E-Mail: technoprop@technoprop.com 




Respectfully submitted, 
TECHNOPROP COLTON LLC 
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METHOD ANP DEVICE FOR CHAIUICTERXZXKG A CULTURE 

LIQUID 

The invention relates to a method in accordance with 
5 the preamble of patent claim 1. and to an apparatus for 
carrying out the method. 

As is shown, for example, in DE 40 32 002 02, such a 
method is used in closed containers and systems in 
10 which microorganisms are cultivated under sterile 
conditions. Automatic control of the cultivation 
process requires measured values that indicate the 
state of the culture liquid, in particular the cell 
concentration. However, control functions 

f«i 15 satisfactorily only when these values are measured 

M quickly, that is to say on-line. All off-line methods 

such as, for example, manual sampling and analysis are 
II useless for this purpose. Again, the addition of 

Z analytical reagents to the reactor contents is usually 

20 not permitted. 



Consequently, optical detectors are readily used for 
I measuring the light absorption, light scattering or the 

fluorescence of the cells. Unfortunately, as a rule 
25 these methods do not distinguish between the cells and 
the liquid surrounding them. It is therefore difficult 
to obtain detailed statements on the cell population in 
the closed bioreactor. 



30 The method and the apparatus in accordance with 
DE 40 32 002 C2 therefore constitute a substantial 
advance. In the case of this method, the cells are 
illuminated and imaged by a microscope and a video 
camera, and this image is analyzed by means of 

35 electronic image processing. There is no need to remove 
the cells. The microscoped volume is defined optically 
or mechanically, similar to a counting chaitdber. Cells 
can be detected selectively by the image processing, 
and their concentration, size and morphology can be 



determined. The solution in which the cells float, 
concomitants, contaminations and air bubbles can be 
distinguished reliably from the cells. The in-situ 

microscopy supplies as measured values the cell 
concentration and ceil size distribution. The dry 
biomass can be determined from these two. 

However, it is also desired to determine the vitality 
of the culture liquid. The vitality of a cell sample is 
defined as the ratio of the living cells divided by the 
total number of the cells (some of the living and dead 
cells) . The vitality is an important parameter for 
culturings on an industrial scale. In these processes, 
the biomass is used repeatedly until the dead cell 
fraction is so high that a new cell culture must be 
used. Another purpose of use is the inoculation of 
culturings: if the vitality of a cell sample and the 
cell concentration are known, the required volume for 
inoculating a culture can be calculated (for example 
when adding yeast in breweries) . It would therefore be 
a great advance if the absolute cell concentration and 
the vitality can be determined with the aid of the same 
sample. However, it has not so far been possible to 
detect the cell vitality as an additional parameter for 
each cell individually- 

It is therefore the object of the invention to indicate 
a method with the aid of which in the case of in-situ 
microscopic observation of cells in the bioreactor it 
is possible to assess the vitality of the individual 
cells directly, and to create an apparatus for carrying 
out the method, 

The method and an apparatus for achieving this object 
are disclosed in patent claims 1 and 10. 

In the method according to the invention, the 
illumination of the ceils is carried out as dark-field 
illumination- in this illuminating arrangement, no 



- 3 ' 

direct light from the illiwninating light source 
participates in the imaging, but only the light output 
by the illuminated cells, that is to say scattered 
light. for example. When evaluating the image, a 
comparison of the intensities of the light output by 
the interior of the cell and by the edge of the cell is 
carried out. It is thereby possible to distinguish 
living and dead cells such that the vitality of the 
culture liquid can be determined. 
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The method uses the property of cells to deflect light- 
A living cell directs the light s\ibstantially in the 
forward direction, while a dead cell deflects the light 
diffusely to all sides. If use is made of an optical 
15 arrangement for angle-selective detection of the light 
deflected by the cells / that is to say a dark--field 
arrangement, and if the latter is built into an in-situ 
microscope, it is possible to detect the cell vitality 
?|3 directly in the reactor* 



20 



m Further preferred refinements are specified in 



subclaims 2 to 9 and 11 to 20. 



}n The invention is explained in more detail below with 



II 25 the aid of the drawings, in which: 

figure 1 shows a schematic of a first embodiment of 
the apparatus according to the invention; 

30 figure 2 shows a second embodiment with a modified 
i 1 iTomina t ing arrangement ; 

figure 3 shows an embodiment that is provided for 
bright- field microscopy in addition to 
35 dark-field microscopy; 



figure 4 



shows an embodiment that is provided for 
fluorescence microscopy in addition to 
dark- field microscopy; 
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figure 5 shows an embodiment that is provided for 
phase contrast microscopy in addition to 
dark-field microscopy; and 

5 

figure 6 shows an embodiment that is provided for 
interference contrast microscopy in addition 
to dark-field microscopy- 

10 The apparatus shown in figure 1 comprises a cylindrical 
tube 10 that is immersed in the culture liquid in the 
bioreactor (not illustrated) . Located inside the tube 
10 are two glass plates 12, 14 arranged in parallel and 
at right angles to the tube axis* The interspace 
15 between the glass plates 12, 14 forms a sample volume 
13 16 of the culture liquid to be investigated. In order 

:J for the culture liquid to be able to flow freely 

through the sample volume 16, the openings (not 
-0 illustrated) are arranged situated opposite in the wall 

s. s" 

20 of the tube 10 in the region of the sample volume 16. 
P Since it is advantageous to immobilize the liquid in 

the sample volume 16 during the investigation, the 
openings are to be sealed when required. Moreover, one 
M of the glass plates 14 can be shifted along the tube 

25 axis such that the thickness of the sample volume 16 
can be varied - 



Arranged outside the sairrple volume 16 is a microscope 
objective 18 whose optical axis coincides with the tube 

30 axis. Arranged on the side of the objective 18 opposite 
the glass plates 12, 14 is an electronic image recorder 
20 whose pickup surface is at right angles to the 
optical axis of the objective 18. The distances of the 
objective 18 from the glass plate 14, and of the image 

35 recorder 34 from the objective 18, are selected in 
accordance with the focal length of the objective IB 
such that an object, that is to say, in particular, a 
cell 22 to be investigated, can be sharply imaged 
inside the sample volume 16 on the pickup surface of 
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the image recorder 20, 



Located on the side of the glass plates 12, 14 opposite 
the objective 18 and the image recorder 20 is a 
5 dark-field condenser 24 with a substantially punctiform 
light source 28, a convex mirror 28 arranged on the 
optical axis of the objective 18, and a concave mirror 
30 that is arranged in a radially symmetric fashion and 
approximately annular ly about the optical axis, and is 
10 illustrated only partially in figure 1. The dark-field 
condenser 24 shown in figure 1 is what is known as a 
cardiolid condenser ► The light of the light source 26 
is reflected by the convex mirror 28 onto the concave 
mirror 30, which reflects it as a weakly convergent 
15 rotational ly symmetrical beam obliquely to the optical 
axis of the objective IB into the sanple volume 16. The 
light beams emerging from the concave mirror 30 
therefore cross one another inside the saitQple volume 16 
and strike cells 22 inside the sample volvime, which are 
20 illuminated thereby. 

The mode of operation of the arrangement in figure 1 is 
described below. In order to immobilize the culture 
^5 licn^iid inside the sample voliome 16, the openings in the 

25 wall of the tube 10 are sealed such that the flow is 
interrupted. Subsequently, the displaceable glass plate 
14 is moved in the direction of the fixed glass plate 
12 -until the interspace between the two glass plates 
12, 14 is so small that the sample volume 16 is formed 
30 only by a thin liquid layer. The thic3cness of this 
layer should correspond to the depth of field of the 
objective 18 such that all the cells 22 inside the 
san^le voltime 16 can be sharply imaged. 

35 The light of the dark-field condenser 24 strikes the 
cells 22, but does not pass directly into the objective 
18/ since the latter is arranged outside the beam path 
of Che dark-field condenser 24. Consequently, it is 
only the light output by the illuminated cells 22 that 



m 
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passes into the objective 18^ and. it produces a sharp 
image of the cells 22 on the light-sensitive pickup 
surface of the image recorc3.er 20, This image is 
digitized and analyzed by image processing software. 

5 

In order to distinguish between living and dead cells 
22, the fact is utilized that in the case of the 
imaging described here by means of dark- field 
illumination, the interior of living cells appears 
10 substantially darker than the edge of the cells, while 
in the case of dead cells the interior of the cell 
appears approximately as bright as the edge. It follows 
that the assessment of the vitality of the culture 
liquid can be undertaken in a sin^ile way by means of 
15 the image processing by comparing the brightness of the 
^ edge of the cell with that of the cell interior in the 

li case of individual cells, deciding on this basis 

J-'": whether a living or a dead cell is involved^ and 

subsequently determining the fraction of living cells 
20 in the total number of cells. 

It is possible to dispense with immobilizing the 
culture liquid in the satt^le volume 16 by sealing the 
openings if the cells 22 are illuminated only briefly 
during the exposure time of the image recorder 
(approximately 1/50 sec) , such that a sharp image can 
be produced despite the movement of the cells 22. This 
brief illumination is achieved by a pulsed operation of 
the light source 26. Flash lamps, LEDs and lasers are 
suitable, for example, as light source 26. 

Figure 2 shows a second embodiment similar to the 
arrangement of figure 1, which comprises a dark- field 
condenser with a number of punctiform light sources 
35 32, 34, of which two opposite light sources are shown 
by way of example in figure 2. These light sources 
32, 34 are arranged in a coronal and rotationally 
symmetric fashion about the optical axis. Their light 
is focused by lenses 36, 38, whose optical axes cross 
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one another at a point inside the sample voliiire 16, 
into the sample volvune 16 such that a beam path is 
produced that corresponds to that of the cardiolid 
condenser 18 of figure 1- 

5 

Figure 3 shows a further einbodiment of the apparatus 
according to the invention, which also permits 
light-field microscopy to be carried out simultaneously 
apart from the dark-field microscopy. For this purpose. 
10 the arrangement is provided with a condenser 24 that 
has an arrangement with an approximately punctiform 
light source 2 6, a convex mirror 28 and a concave 
mirror 30 that is arranged annularly around the optical 
axis of the microscope objective 18 and corresponds to 
15 the cardioid condenser 24 of figure 1 and which permits 
the dark-field illumination described there of the 
sample volume 16. By contrast with the condenser 24 of 
Hj figure 1, however, the convex mirror 28 is designed 

0 such that it reflects a portion of the light emanating 

20 from the lighr source 26 to the concave mirror 30, but 
0 passes the remaining fraction of the light. This 

transmitted fraction transilluminates the sample volume 
j,i 16 such that the fraction passed by the culture liquid 

P and the cells 22 can enter the objective 18 and produce 

m 

•"^ 25 an image on the image recorder 20. Thus, a total of two 

images are produced: on the one hand, by the dark- field 
illtimination of the cells 22 and imaging of the 
illuminated cells and, on the other hand, a 
transmission imaging of the light of the bright-field 

30 illumination transmitted by the cells 22. For the 
purpose of separating the two images, a beam splitter 
cube that reflects a fraction of the light entering the 
beam splitter 44 in a direction perpendicular to the 
optical axis is arranged on the optical axis between 

35 the microscope objective 18 and the image recorder 20- 
This light strikes a second image recorder 42, which is 
provided in the same way as the first image recorder 20 
for the purpose of producing and digitally processing 
an image. 
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The image processing requires these two imagjss to be 
separated optically from one another. This is performed 
by polarizing the light used for the two types of 
illumination, that is to say for the dark-field 
5 illumination and the bright-field illumination, 
differently and once again separating the light 
entering the microscope objective 18 from the sample 
volume 16 in accordance with the different directions 
of polarizacion in the imaging beam path by means of 
10 the polarizing beam splitter 44 such that the light 
passed by the beam splitter 44 corresponds to a first 
direction of polarization and the light reflected by 
the beam splitter 44 corresponds to the direction of 
1*^ polarization at right angles thereto- The polarization 

15 coding of the light used for the different 
JS illuminations is performed by a polarizing coating of 

fl the convex mirror 28 which has the effect that light 

Ij reflected by the convex mirror 24 for the purpose of 

|,T dark-field illumination in a first direction, that is 

20 to say at right angles to the plane of the drawing, for 
example, is polarized such that the light output by the 
fii cells 22 on the basis of the dark-field illumination 

into the microscope objective IB likewise corresponds 
=1^ to this direction of polarization. The beam splitter 44 

25 is arranged such that it reflects the light of this 
direction of polarization and produces on the second 
image recorder 42 an image originating from the 
dark-field illumination- By contrast, light passed by 
the convex mirror 28 is polarized at right angles to 
30 the reflected light such that the light transmitted by 
the cells 22 and entering the microscope objective 18 
is likewise polarized in this direction and likewise 
passed by the beam splitter 44 such that an image that 
corresponds to the bright- field illumination is 
35 produced on the first image recorder 20. 



In a comparable way, the light used for the dark-field 
illumination and the bright-field illumination can be 
color coded such that the light used for the dark- field 
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illtimination has a different wavelength to the 
transmitted light of the bright-field illumination- 
This permits a simple distinction between the images y 
prodiaced by the various types of ill^II^ination, by means 
5 of corresponding color filters that are to be 
positioned (in a way not shown) in front of the 
respective image recorders 20, 42. 

It is also possible to dispense with the second image 
10 recorder 42 and the beam splitter 44 such that both 
images are produced on a single image recorder 20. The 
quality of a digital image recorder that the individual 
pixels of the image recorder are respectively sensitive 
only to one color (red, green or blue) is utilized in 
15 this case. The images of different colors can now be 
separated by reading out the color- sensitive pixels of 
one color in each case and combining them to form an 
image . 

20 A very simple type of color coding consists in 
providing a light source 26 of wide spectral band and 
coating the convex mirror 28 dichroically such that it 
h^- reflects light of one wavelength and passes light of 

another wavelength. 

25 

Furthermore, it is possible to provide different 
monochromatic light sources such as, for example, LEDs 
or lasers for the two illuminating beam paths. 

30 The arrangement shown in figure 4 is also suitable for 
carrying out fluorescence microscopy apart from 
dark-field microscopy. The arrangement is provided, on 
the one hand, with the dark-field condenser 24 known 
from figure 1. Provided in addition in the tube region 

35 opposite the dark-field condenser 24 is a further light 
source 46 that is offset by comparison with the optical 
axis of the microscope objective 18. and whose light is 
reflected by a beam splitter 46 by 90 degrees in the 
direction of the microscope objective 18 and focused by 
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the latter into the sanple volxime 16- Arranged between 
the fluorescent light source 46 and the beam splitter 
48 is a filter SO that spectrally constricts the 
excitation light emanating from the fluorescent light 
source 46, The excitation light excites the cells 22 in 
the sample volume 16 to fluoresce, and the output 
fluorescent light passes in the reverse direction 
through the microscope objective 18 and strikes the 
beam splitter 48. The beam splitter 48 is designed such 
that, by contrast with the excitation light/ it passes 
the fluorescent light shifted spectrally to higher 
wavelengths, and permits imaging by fluorescent light 
on the image recorder 20. As a result, two different 
images are produced on the image recorder 20, 
specifically the image produced by the dark-field 
illumination in the usual way, and an image of the 
fluorescent light. The separation of the dark-field and 
fluorescent images is performed by the already 
described separation of the separations of the image 
recorder 20, that is to say by separation of the data 
of pixels with different color sensitivity, A further 
possibility consists in the temporal separation of the 
images by alternately pulsing in rapid sequence the 
light source 26 of the dark- field condenser 24 and the 
fluorescent light source 46, and reading out the images 
on the image recorder 20 in a temporally separated 
fashion • 

Figure 5 shows an arrangement that is suitable 
simultaneously for phase contrast microscopy apart from 
dark- field microscopy. The arrangement shown 
corresponds substantially to figure 3 . The convex 
mirror 26 of the dark-field condenser 24 is coated so 
as to polarize such that it reflects light of one 
direction of polarization and transmits light of the 
direction of polarization at right angles thereto, and 
so dark-field illumination and bright-field 
illumination of the san^le volume 16 are carried out 
simultaneously. As in figure 3, there is provided in 
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the imaging beam path a beam splitter 44 that reflects 
light of one direction of polarization and transmits 
the light of the direction of polarization at right 
angles thereto such that an image of the transmitted 
5 light can be produced on an image recorder 20 arranged 
on the optical axis of the microscope objective 18/ and 
an image of the reflected light can be produced on a 
further image recorder 42 in the direction of 
reflection. In this way, the images that are produced 
10 by the different types of illumination can be 
distinguished by means of the polarization^ as is 
described adequately in conjunction with figure 3. 



1^ By contrast with figure 3, an arrangement for phase 

13 15 contrast microscopy is arranged in the bright- field 

^ beam path. Said arrangement comprises an annular 

l§ diaphragm S2 arranged directly behind the convex 

mirror, and a phase plate 54 arranged between the 
microscope objective 18 and the beam splitter 44, The 
20 annular diaphragm 52 and the phase plate 54 are at 
right angles to the optical axis of the microscope 
ill objective 18. The light of the light source 26 

H transmitted by the convex mirror 28 firstly passes the 

^ annular diaphragm 52 and, after it has passed the 

25 sample volxune 16, enters the microscope objective 18 
where it is focused onto the first image recorder 20 
through the phase plate 54 and the beam splitter 44, 
This phase contrast arrangement known per se produces 
an image of higher contrast than in the case of the 
30 simple bright-field illumination arrangement shown in 
figure 3, 



The arrangement shown in figure 6 is also provided for 
interference contrast microscopy in addition to 
35 dark- field microscopy. This design corresponds 
substantially to the arrangement, shown in figure 5, 
for phase contrast microscopy, but in figure 6 the 
annular diaphragm 52 is replaced by a X/4 plate 56 and 
a Wollaston prism 58 arranged therebehind, and instead 
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of the phase plate 54 of figure 5 use is made of a 
second Wollaston prism 60 in the imaging b^am path 
between the microscope objective 18 and the beam 
splitter 44, Moreover, an additional analyzer 62 is 
5 inserted in the transmission beam path between the beam 
splitter 44 and the first image recorder 20. 

The convex mirror 28 is coated in a knovm way so as to 
polarize such that the light transmitted by the convex 
10 mirror 28 is polarized. This light passes the A/4 plate 
56 and the first Wollaston prism 58, which splits each 
individual light beam into two beams of different 
polarity that fall into the sample volume 16. If the 
beams strike an object there such as, for example, a 
15 cell 22, the object can cause a path difference between 
13 the different light beams. The beams passing the sample 

!g volume 16 are focused by the microscope objective 18 

and impinge on the second Wollaston prism 60, which 



vO unites the two beams again. These beams impinge through 

20 the beam splitter 44 on the first image recorder 20 and 
p produce an interference contrast image there. As a 

result of the path difference that is produced by the 
objects in the sample volume 16, an image of very high 
P contrast is produced, it being possible to vary the 

25 contrast by displacing the second Wollaston prism 60 
along the optical axis of the microscope objective the 
optical axis of the microscope objective 18. 

As in the case of the arrangements already discussed, 
30 apart from interference contrast imaging it is possible 
to produce an image of the light beams reflected by the 
beam splitter 44 on the second image recorder 42, which 
image originates in a known manner from the dark- field 
i Illumination, 

35 
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PATENT CXAXMS 

1. A method for characterizing a culture liquid, in 
particular in a bioreactor, in which by illuminating 

S the cells (22) contained in the culture licjuid the 
culture liquid is analyzed in situ^ microscopic imaging 
of the cells (22) and by evaluating the image, 
characterized in that the illumination is carried out 
as dark-field illumination, and in that the image 
10 evaluation comprises a comparison of the intensities of 
the light output by the interior of the cell and by the 
edge of the cell, by means of which comparison living 
and dead cells (22) are distinguished in order to 
determine the vitality of the culture liquid. 

15 

2. The method as claimed in claim 1, characterized in 
that a bright-field illumination is carried out apart 
from the dark-field illumination. 

20 3. The method as claimed in claim 1 or 2, 
characterized in that an illumination for fluorescent 
excitation is also carried out, and the image 
evaluation comprises an observation of the fluorescent 
light output by the cells (22) » 

25 

4 . The method as claimed in one of claims 1 to 3 , 
characterized in that an interference contrast 
observation of the cells (22) is also carried out. 

3 0 5, The method as claimed in one of claims 1 to 4, 
characterized in that a phase contrast observation of 
the cells (22) is also carried out. 

6, The method as claimed in one of claims 2 to 5/ 
35 characterized in that differently polarized light is 
used for various types of illumination, and the images 
that are produced by the various types of illiimination 
are distinguished with the aid of the different 
polarizations of the light producing the images - 
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7. The method as claimed in one of claims 2 to 6, 
characterized in that light of different wavelengths is 
used for various types of illumination, and the images 

that are produced by the various types of illumination 
5 are distinguished with the aid of the different 
wavelengths of the light producing the images. 

8. The method as claimed in one of claims 1 to 7, 
characterized in that the illumination is carried out 

10 with pulsed light . 



9. The method as claimed in one of claims 1 to 8, 
characterized in that a sample volume (16) of the 
culture liquid that is to be imaged is temporarily 
O 15 immobilized during imaging for the purpose of image 



evaluation. 



10. An apparatus for characterizing a culture liquid, 
;9 in particular in a bioreactor, having an illuminating 

20 arrangement (24) for illuminating a sample volume (16) 
O of the culture liquid, a microscope objective (18) for 

imaging cells (22) inside the sample volume (16), and 
ji an image-evaluating device (20) for analyzing the 

P image, characterized in that the illuminating 

'•'^ 25 arrangement (24) is provided for dark-field 

illxutdnation, and the image-evaluating device (20) is 
designed for comparing the intensities of the light 
output by the interior of the cell and the edge of the 
cell, and for distinguishing living and dead cells on 
30 the basis of this comparison. 



11. The apparatus as claimed in claim 10, 

characterized in that the illuminating arrangement 

(26), the microscope objective (18) and the image- 

35 evaluating device (20) are arranged inside a tube (10) 

whose wall is provided with openings for the culture 
liquid to flow through the sample voliime (16) , 

12* The apparatus as claimed in claim 11, 
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characterized in that the thickness of the sample 
volume (16) is limited by two glass plates (12. 14) at 
right angles to the optical axis of the microscope 
objective (18), of which at least one plate can be 
shifted along the optical axis. 

13. The apparatus as claimed in claim 11 or 12, 
characterized in that the tube (10) is provided with 
devices for closing the openings in order to immobilize 
the sample volume (16) . 

14. The apparatus as claimed in one of claims 10 to 

13, characterized in that the illuminating arrangement 
(24) is provided for pulsed operation, 

15 . The apparatus as claimed in one of claims 10 to 

14, characterized in that the illuminating arrangement 
(24) is also designed for bright-f ield illumination. 

16. The apparatus as claimed in one of claims 10 to 

15, characterized by a fluorescent light source (42) 
for fluorescent excitation of the culture liquid, the 
image- evaluating device (20) being provided for 
analyzing the fluorescent light output by the cells 
(22) . 

17. The apparatus as claimed in one of claims 10 to 

16, characterized by a first Wollaston prism {SS) , 
arranged in the beam path of the illximinating 
arrangement (24), and a second Wollaston prism (60), 
arranged in the imaging beam path, for interference 
contrast observation of the cells (22) . 

18. The apparatus as claimed in one of claims 10 to 

17, characterized by an annular diaphragm (52) arranged 
in the beam path of the illuminating arrangement (24) , 
and a phase plate (60), arranged in the imaging beam 
path, for phase contrast observation of the cells (22) - 



19 « The apparatus as claiToed in one of claims 10 to 

18, characterized in that polarization devices (24) are 
arranged m the beam path of the illuminating 
arrangement (24) and/or of the fluorescent light source 
(42), and polarization-selective devices (44) are 
arranged in the imaging beam path. 

20. The apparatus as claimed in one of claims 10 to 

19, characterized in that monochromatizing devices 
(24, 50) are provided in the beam path of the light 

emanating from the illuminating arrangement (24) and/or 

the fluorescent light source (42) , or the light sources 
(26, 4 6) are themselves monochromatic, and in that 

wavelength-selective devices (44) are arranged in the 

imaging beam path. 

21. The apparatus as claimed in claim 19 or 20, 
characterized in that provided as polarization- or 
wavelength^selective device is a beam splitter (44) 
that passes light of a first polarization or wavelength 
for the purpose of imaging on a first image recorder 
(20), and reflects light of a second polarization or 
wavelength on a second image recorder (42) • 



ABSTRACT 



In a method for chairacterizing a culture liquid, in 
particular in a bioreactor, by illuminating the cells 
(22) contained in the culture liquid the culture liquid 
is analysed in situ, microscopic iiua^ging of the cells 
(22) and by evaluating the image. The illumination is 
carried out as dark-field illumination, and the image 
evaluation comprises a comparison of the intensities of 
the light output by the interior of the cell and by the 
edge of the cell, by means of which comparison living 
and dead cells (22) are distinguished in order to 
determine the vitality of the culture liquid. 
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